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(54) Injector 

(57). An injector comprises an injection nozzle (1) 
haa/ingajiozzlahQle(^. a vah/e body (2) tor controlling 
a ftiet flow t hrou gh the nozzle hole (3). and changing " 
means (6,7,10,11,12,13,20) for changing a shape of 
fuel spray, the fuel spray being formed by the fuel which 
ffows through the nozzle hole. The injector includes 
rotation preventing means for preventing the valve body 
(2) from rotating with respect to the injection nozzle (1) 
around a center axis of the valve body (2). The injector 
includes angular displacement controlling means (6.7) 
for controlling an angular displacement of the valve 
body (2) with respect to the injection nozzle (1). A shape 
of a tip of the valve body (2) is circumferencially non-uni- 
form. 
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Description 



BACKGROUND OF THE INVENTION 



1 . Field of the Invention 



[0001] TTie present invention relates to an injector. 
2. Description of the Related Art 
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[0002] An injecta* which can change a fuel injecting 
dlreefarca HaAi Byg aor which can change a fuel spra^ ' 
divergent angle, are known in the prior art. Japanese 
Unexamined Patent Publication No. 4-5469 discloses 
an Injector wherein a member with a nozzle hole can be is 
moved with respect to an injection nozzle, or wherein a 
plurality of nozzle holes are provided and any one noz- 
zle hole can be used, in order that the fuel injection 
direction can be changed. 

[0003] However, in case of the injector disclosed in 20 
Japanese Unexamined Patent Publication No. 4-5469. 
since it is required that the member with the nozzle hole 
can be moved with respect to the injection nozzle, or 
that any one nozzle hole in the plurality of nozzle holes 
can be used, the structure of the nozzle hole becomes 25 
complex. 

[0004] Further. Japanese Unexamined Patent Pub- 
lication No. 5T4459d:disdoses an injector wherein an air _ . 
flow is apphed to an injected fae! in order to change a - 
fuel injection direction. 30 
[0005] However, in cas&of the ir^ectardisciasBetbrr:: 
Japanese Unexamr^ Patent Publication No. 5-44598. ^ 
since air tlowt applyrrrg nted i i b for apply an air flow to the * 
ir^ectedfuel is required, the injector becomes larger. 
[00061 Further, Japanese Unexamined Patent Pub- 3S 
lication No. 7-259705 discloses an injector wherein a . 
position of the needle valve is changed with respect to 
an injection nozzle along a center axis of the needle 
valve, in order to change a fuel spray divergent angle. 
[0007] However, In case of the injector disclosed in 40 
Japanese Unexamined Patent Publication No. 7- 
259705, since the position of the needle valve is 
changed with respect to the injection nozzle along the 
center axis of the needle valve, a fuel spray amount 
changes. 45 
[0008] Further. Japanese Unexamined Utility Model 
Publication No. 63-140172 discloses an injector 
wherein a shape of a tip of a needle valve is asymmetri- 
cal with respect to a center axis of the needle valve, in 
order to make a difference between a fuel injecting so 
direction and a center axis direction of an injection noz- 
zle. 

[0009] However, in case of the injector disclosed in 
Japanese Unexamined Utility Model Publication No. 63- 
1 401 72, since the injector does not have rotating means ss 
for rotating the needle valve with respect to the injection 
nozzle around the center axis of the needle valve, the 
fuel injecting direction cannot be changed. 



[001 0] On the other hand, the above publications do 
not disclose means for controlling an angular displace- 
ment of the needle valve with respect to the injection 
nozzle and for changing the fuel injection direction or 
the fuel spray divergent angle, by preventing the needle 
valve with a circumferentially non-uniform tip from rotat- 
ing with respect to the injection nozzle around the 
center axis of the needle valve, or by allowing the nee- 
dle valve to rotate with respect to the injection nozzle 
around the center axis of the needle valve. 
[001 1 ] Also, the above publications do not disclose 
~ means for oontrotfing an eccentrkii^: Otthe center axis 
of the needle valve with respect to'the center axis of the 
injection nozzle and for changing the fuel injection direc- 
tion. 

[001 2] Further, an injector wherein a lift amount of a 
needle valve is changed during the valve opening 
period in order to change a target shape of a fuel spray 
is known in the prior art. The injector is, for example, dis- 
closed in Japanese Unexamined Patent Publication No. 

7- 259705. 

[001 3] However, in case of the injector disclosed in 
Japanese Unexamined Patent Publication No. 7- 
259705, since the lift amount of the needle valve is 
changed during the valve opening period in order to 
change the target shape of the fuel spray, the target 
shape of the fuel spray cannot be changed while keep- 
ingafuel injectiCKiiateconstant^^ : i^-- 
[09141 Further; an injector wha^enri a needle valve 
for opening or dgsirig a nozzle hate is prosiicted.. and the 
rmdte valve has:an imrer member with- a tip and arr^i 
outer member located outside of the inner member is 
fcnowrrrn the prior art The injector is. for example, dis- 
closed in Japanese Unexamined Patent Publication No. 

8- 177677. Japanese Unexamined Utility Model Publica- 
tion No. 60-159882/and J&panese Unexamined Patent 
Publication No. 63-248966. 

[0015] In case of the injector disclosed in Fig. 2 of 
the Japanese Unexamined Patent Publication Na 8- 
177677, Japanese Unexamined Utility Model Publicar 
tion No. 60-159882. or Japanese Unexamined Patent 
Publication No. 63-248966, a relative position of the tip 
with respect to the outer member is changed. However, 
the relative position is not changed in accordance with a 
change of a target shape of a fuel spray, but is changed 
in accordance with a change of a fuel supply pressure 
with respect to the injector. That is, in case of the injec- 
tor, the relative position of the tip with respect to the 
outer member cannot be changed in accordance with 
the change of the target shape of the fuel spray. Also, in 
case of the injector, the relative position of the tip with 
respect to the outer member cannot be changed while 
the fuel supply pressure with respect to the injector is 
kept constant. 

[0016] Also, in case of the injector disclosed in Fig. 
6 of the Japanese Unexamined Patent Publication No. 
8-177677, the relative position of the tip with respect to 
the outer member is changed. However, the relative 



2 



EP 1 020 638 A2 



position is not changed in order to change the target 
shape of the fuel spray, but is changed in order to eject 
a fuel which remains in the nozzle hole during the valve 
closing period. That is, Japanese unexamined Patent 
Publication No. 8-177677 does not disclose changing 5 
the relative position of the tip with respect to the outer 
member in order to change the target shape of the fuel 
spray. 

[0017] Further, none of the above publications dis- 
close cbanging the shape of the nozzle hole in accord- 10 
arrce wrtfr the change of the lift amount of the needle 
v^wMkORterta ckiange the shape of the fuel spray. ."^ .1 
IjOtnSf Further, an injector which includes an injec- 
tion nozzle having a nozzle hole and a valve body for 
opening or closing the nozzle hole, and which defines a is 
fuel passage between an inner periphery of the injection 
nozzle and an outer periphery of the valve body is 
known in the prior art. The injector is, for example, dis- 
closed in Japanese Unexamined Patent Publication No. 
7*259705. In case of the injector disclosed in Japanese 20 
Unexamined Patent Publication No. 7-259705, a maxi- 
mum lift position of the valve body is changed in order to 
change a shape of a fuel spray. 

[0019] However, in case of the injector disclosed in 
Japanese Unexamined Patent Publication No. 7- 25 
259705. since the maximum lift position of the valve 
body is changed in order to change the shape of the fuel 
spray, if it t& required to keep the maximum lift position 
of the v^ve body constant and. for example, if it is 
r^iuiredtokeepafuel injection rateconslatttb&sh^ie -.ao- 
of th&fu^^9c^C3viotbe chan^edL: , 
[00209 On the other hand, if ftief spray sh^pe ^^ 
changing means isprovided out^cfe of the ifijector. the- ' 
shape of the fuel spray can be changed while keeping 
the maximum lift position of valve body constant. How- 35 
ever, it is not preferable, since the fuel spray shape * 
changing means is exposed to high temperature, if. for 
example, the injector is a direct injection type. 

SUMMARY OF THE INVENTION 40 

[0021] An object of the present invention is to pro- 
vide an injector which can control an angular displace- 
ment of a valve body with respect to an injection nozzle 
around a center axis of a valve body and can change a 45 
fuel injection direction or a fuel spray divergent angle by 
preventing the valve body with a tip which Is circumfer- 
encially non-uniform from rotating with respect to the 
injection nozzle around the center axis of the valve 
body, or by allowing the valve body to rotate with respect so 
to the injection nozzle around the center axis of the 
valve body. 

[0022] Another object of the present invention is to 
provide an injector which can change a fuel injection 
direction by controlling an eccentricity of a center axis of ss 
a valve body with respect to a center axis of an injection 
nozzle. 

[0023] Another object of the present invention is to 



provide an injector which can ch»g&a relative position 
of a tip of an inner member of a vafcre body viith respect 
to an outer member in order to change a target shape of 
a fuel spray 

[0024] Another object of the present invention is to 
provide an injector which can change a shape-ofamc- 
zle hole on the basis of a lift amount of a valve bocfy rn 
order to change a shape of a fuel spray. 
[0025] Another object of the present invention is to 
provide an injector which can change a shape of a fuel 
spray by fuel spray shape changing means located 
insictaof the injectar earEfamaxinnum Pt position of a 
vafve body is kept constant. 

[0026] The present invention provides an injector; 
comprising: 

an injection nozzle having a nozzle hole; 

a valve body for controlling a fuel flow through the 

nozzle hole; and 

changing means for changing a shape of a fuel 
spray, the fuel spray being formed by the fuel which 
flows through the nozzle hole. 

[0027] Preferably, the injector further includes rota- 
tion preventing means for preventing the valve body 
from rotating with respect to the injection nozzle around 
a center axis of the valve body. 
[002^. . Preferably.. th& notation preventing means 
prevents the v^ve body from rotating with respect to the 
injection rK3zzte when the rotation of the valve body witi ; 
respect to the irjectiui muzzle shoidct b&preuentec^ cUkI ^k" - 
the valve body is allowed to roAate with respect to itre - r 
' injection nozzf e around the cef iter axis of the valve body ■ 
when the rotation preventing means does not prevent 
the valve bocfy from rotating with respect to the injection 

[0029] Preferably, the injector further includes 
angular displacement controlling means for controlling 
an angular displacement of the valve body with respect 
to the injection nozzle. 

[0030] Preferably, a shape of a tip of the valve body 
is circumferencially non-uniform. 
[0031] Therefore, the injector can change the fuel 
injection direction or can change the fuel spray diver- 
gent angle. 

[0032] Preferably, the tip of the valve body has two 
surfaces which are parallel to the center axis of the 
valve body and are parallel each other, and the nozzle 
hole is a slit. Therefore, the injector can change the fuel 
spray divergent angle. 

[0033] Preferably, the tip of the valve body is non- 
uniformly formed with respect to the center axis of the 
valve body Therefore, the injector can change the fuel 
injection direction. 

[0034] Preferafc)ly. the center axis of the valve body 
is allowed to be eccentrically located with respect to a 
center axis of the injection nozzle, and the injector fur- 
ther comprises eccentricity controlling means for con- 
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trolling an eccentricity of the center axis of the valve 
body with cespectto the center axis of the injection noz- 
zle. Therelbre, the injector can change the fuel injection 
direction. 

[0035] Preferably, the injector further includes a first 
position in which the center axis of the valve body is 
eccentrically located with respect to the center axis of 
the injection nozzle, a second position in which the 
center axis of the valve body is concentrically located 
with rRsypct to the center axis of the injection nozzle, 
and a third position In which the center axis of the valve 
body is locaiBCtanthe opposite side of the center axis of 
the injection nozzle from the first position. Therefore, 
the injector can change the fuel injection direction in 
three steps. 

[0036] Preferably, the valve body includes an inner 
member with a tip and an outer member located outside 
of the inner member, and a relative position of the tip 
with respect to the outer member during the valve open- 
ing period is decided on the basis of a target fuel spray 
to be injected, and then the tip is positioned to the 
decided position. That is, the relative position of the tip 
with respect to the outer member is changed without 
reference to a fuel supply pressure with respect to the 
injector, but on the basis of the target shape of the fuel 
spray Therefore, even if the fuel supply pressure with 
respect to the injector does not change, the relative 
posttion of the tip^ci tiie irw member with respect to 
the outer merrtber can be changed in tirder to change 
the target shape ci the fuel spray. In this casa^-a mini- 
mum cross secdiarrofafuef passage during tTfevatve^ 
opening period is not deffnoEl by the Inner member of 
the valve body, butrsdefined by the injection nozzle and 
the outer member of the valve body Accordingly, the 
target shape of the fuel spray can be changed by chang- 
ing the relative position of the tip of the inner member of 
the valve body with respect to the outer member, while 
keeping the injection rate constant. 
[0037] Preferably, the valve body includes an inner 
member with a tip and an outer member located outside 
of the inner member, and the changing means includes 
selecting means for selecting a protruding amount of 
the tip with respect to the outer member during the valve 
opening penocf. That is, the protruding amount of the tip 
with respect to the outer member is changed by the 
selecting means, without reference to the fuel supply 
pressure with respect to the injector. Therefore, even if 
the fuel supply pressure with respect to the injector 
does not change, the protruding anrount of the tip with 
respect to the outer member can be changed. In this 
case, the minimum cross section of the fuel passage 
during the valve opening period Is not defined by the 
inner member of the valve body, but is defined by the 
injection nozzle and the outer member of the valve 
body Accordingly the protruding amount of the tip of 
the inner member of the valve body with respect to the 
outer member can be changed, while keeping the injec- 
tion rate constant. 



[0038] Preferably the outer member haikiai ever 
its full length, and the selecting means is locatecf on the 
opposite side of the inner member from the tip and out- 
side of the outer member. Therefore, the injector can 

5 prevent the fuel to be injected impinging on the selecting 
means and a fuel spray being disturbed. Further, the 
outer member of the valve body can be small. 
[0039] Preferably the changing means changes the 
shape of fuel spray by changing a shape of the nozzle 

10 hole on the basis of a lift amount of the valve body. 

[0040] Preferably the valve, body is hollow in orda . 
that a fuel to be injected can ftnw f i &ki& of tTre hollow 
valve body, and the valve body has a through opening of 
the valve body in order that the fuel which flows inside of 

15 the hollow valve body can flow out of the hollow valve 
body and the injection nozzle has a through opening of 
the injection nozzle in order that the fuel which flows 
through the through opening of the valve body can flow 
out of the injector, and the nozzle hole is defined by an 

20 overlapping area of the through opening of the valve 
body and the through opening of the injection nozzle. 
Therefore, the injector can change the target shape of 
the fuel spray by a method which is different from the 
prior art method. 

25 [0041] Preferably the nozzle hole is a slit, and the 
vahre body is hollow, and the valve body has a first 
opening placed downstream with respect to a fuel seal 
portioain order that the fuel to be injected can flow into 
/ the vafve body, and a second opening placed down- 

3a- stream with respect to the first opening in order thatthe^-r 

foel which flo«K Mo the vatve b<xiy can fiow oc^ 
- v^ve body, and an upstream width of the second open- 
^ ing-is smaller than a downsfream width of the second 
V opening and smaller ten a width of the slit, and as a lift 

35 r-. amount of the valve ItKXity Increases, an overfapping 
^ area of the slit and the secord opening increases, and 
after a valve opening motion is completed, a minimum 
cross section of a fuel passage is defined by the first 
opening and is kept constant. Therefore, the injector 

40 can change the shape of the fuel spray by changing the 
lift amount of the valve body and changing the overlap- 
ping area of the slit and the second opening. Further, 
the minimum cross section of a fuel passage during the 
valve opening period, i.e., after the valve body is 

45 opened is defined by the first opening of the valve body 
without reference to the overlapping area of the slit and 
the second opening. Therefore, the shape of the fuel 
spray can be changed by changing the lift amount of the 
valve body and by changing the overlapping area of the 

50 slit and the second opening, while keeping the fuel 
injection constant 

[0042] Preferably, the width of the second opening 
becomes gradually smaller as a position in which the 
width of the second opening is measured shifts from 
55 downstream to upstream. Therefore, as the lift amount 
of the valve body increases, a width of the overfapping 
area of the slit and the second opening increases. 
Accordingly the injector can gradually increase the fuel 
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spray divergent angle by gradually increasing the lift 
aaiQunt of the valve body. . ^ 

rOW3I Preferably, an intersection point of an exten- 
sion line from a surface of a left side wall of the second 
opening and an extension line from a surface of a right s 
side wall of the second opening is located on the oppo- 
site side of a center line of the valve body from the sec- 
ond opening, in the cross sectional view of the second 
opening. Therefore, the fuel flowing inside of the valve 
body can more easily flow into the second opening than io 
if the intersection point is located near the second open- 
ing: Aooordingiy, the injector can form the fuel spray . 
whose turbulence is smaller than if the intersection point 
is located near the second opening. 
[0044] Preferably, a fuel passage is defined by an is 
inner periphery of the injection nozzle and an outer 
periphery of the valve body, and a fuel flow controlling 
member is located in the fuel passage, and the fuel flow 
controlling member is moved along a center axis of the 
injector in order that the fuel flow can be changed in the so 
fuel passage. Therefore, the injector can change the 
shape of the fuel spray. That is, even if the lift amount of 
the valve body is not changed, the injector can change 
the fuel flow in the fuel passage and the nozzle hole and 
changettresh^EterOf the fuel spray by moving the fuel 25 
flow contrding mender along the center axis of the 
injector. 

VSQ4BI Ci:: PreterafaiyL tiie kiel flew cc^oUing member 
is moved such that a cross sectrorraf area C3ff the luef 
passage is decreased to a cross secttonal area of ihe rso 
rroz^e holeiff opdsr to decrease a rafe& at fu^ k^&ci6on. ~. " 
Therefore^ ■ the iiijector can decrease the injection rat& 
Further even rf. for exampte, the injector cannot r 
decrease a fuel injection period, the injector can 
decr^s&lhe riiectionTate. :^ 35 

[0046} i Preferably, fuel supply pressure with respect' . 
to the injector is changed in order to move the fuel flow 
controlling member along the center axis of the injector. 
Therefore, the injector can move the fuel flow controlling 
member along the center axis of the injector by fuel sup- 40 
ply means for supplying the fuel to the injector without 
providing another moving means for moving the fuel 
flow controlling member, and can change the shape of 
the fuel spray. 

[0047] Preferably, a tip of the fuel flow controlling 45 
member is comprised of a seal portion and a notch por- 
tion, and a shape of the tip of the fuel flow controlling 
member is asymmetric. Therefore, the injector can form 
a difficultly flowing portion of the fuel and an easily flow- 
ing portion of the fuel in the fuel passage defined by the so 
inner periphery of the injection nozzle and the outer 
periphery of the valve body. Accordingly, the injector 
can change the locations of the difficultly flowing portion 
and the easily flowing portion by changing the position 
of the fuel flow controlling member. The injector can ss 
effectively change the fuel flow in the fuel passage and 
the nozzle hole and change the shape of the fuel spray. 
[0048] Preferably, a fuel passage is defined by an 



inner periphery of the irrjection r limit* and an outer 
periphery of the valve txidy, and a cylindrical member is 
located on a tip side of the valve body in the fuel pas- 
sage, and the cylindrical member is movable independ- 
ently of the valve body, and at least one communicating 
portion for communicating with an outer periphery and 
an inner periphery of the cylindrical member is located 
at a tip portion of the cylindrical member, and the cylin- 
drical member is moved in the same direction as a mov- 
ing direction of the valve body in order to change the 
fuel flow in the fuel passage. Therefore, the injector can 
•dsngethe shap&ctf th&bie^sprs^tay m^ong the fuel 
ffow toward the nozzte hole circumferentially non-urn- 
form when a lift amount of the cylindrical member is 
made small, and by making the fuel flow toward the noz- 
zle hole circumferentially relatively uniform when a lift 
amount of the cylindrical member is made large. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0049] The above and other objects, features and 
advantages of the present invention will be made more 
apparent from the following description of the preferred 
embodiments thereof in conjunction with the accompa- 
riying drawings wherein: 

Figure 1 is a schematic sectional view of a first 
^ ^ OTbodimert ct their^ecfeor of the present invention. 
Rgures 2A to 2C respectivefy show a coupling por- 
tion of a rotation shaft and a valve bodyi 
Rgure 3 shows a coupfing pcrticHt of the rot^orr 
■' 'i- shaft and a stepping nrotor. 

. Rgures 4A to 4C respectivefy show a tip of a valve 
body and a tip of an injection nozzle. 
'i Rgures 5A and 5B respectively show the tq3 of the- 
: - waive body and the tip of the injection rwzzle, the 
valve body being rotated 90 degrees from the posi- 
tion shown in Figs. 4A to 4C around its center axis. 
Figures 6A to 6C respectively show a tip of a valve 
body and a tip of an injection nozzle of a second 
embodiment of the injector of the present invention. 
Rgures 7 A and 78 respectively show the tip of the 
valve body and the tip of the injection nozzle, the 
valve body being rotated 180 degrees from the 
position shown in Figs. 6A to 6C around its center 
axis. 

Rgures 8A to 8C respectively show a tip of a valve 
body and a tip of an injection nozzle of a third 
embodiment of the injector of the present invention. 
Rgures 9 A and 9B respectively show the tip of the 
valve body and the tip of the injection nozzle, the 
valve body being rotated 180 degrees from the 
position shown in Figs. 8A to 8C around its center 
axis. 

Rgures 10A and 10B respectively show schematic 
side views of a portion of an engine in which the 
injector of the third errtoodiment is applied to a 
direct injection type engine. 
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Figure 1 1 shows a driving force transmission device 
between a solenoid and a rotation shaft of a fourth 
embodiment of the injector of the present invention. 
Rgures 12A to 12C respectively show a tip of a 
valve body and a tip of an injection nozzle of a fifth 5 
embodiment of the injector of the present invention. 
Rgure 13 shows changing means for changing an 
eccentricity of a center axis of the valve body with 
respect to a center axis of the injection nozzle. 
Rgure M shows an injector when a protruding io 
amount of a tip of an inner member of a valve body 
witttr^pectlQ an outer member is large. 
Rgtre t5 shows the injector when the protruding 
amount of the tip of the inner menrtoer of the valve 
body with respect to the outer member is small. i5 
Rgures 16A and 16B respectively show the inner 
member and the outer member of the valve body. 
Rgure 17 shows the injector during the valve fully 
closing period. 

Rgure 18 shows the injector during the valve fully 20 
opening period. 

Rgure 19 is a side view of the injection nozzle. 
Rgures 20A and 20B respectively show the valve 
body. 

Rgures 21 A to 21 C respectively show relations 25 
between a lift amount of the valve body and a fuel 
spray divergent angle. 

Rgures 22A and 22& respectively show relations 
tetweerr maximunrr fift amount of the valve body f " 
and a fuefspcay divergent angle^K zrr so 

Rgures 23A and 23B respectivefy show anre Urikw ~. 
b^Mteen aa engine sp«d and a fuel spray diver- 
gent angfe, and a refertron between an engine load - 
and a fuel spray divergent angle during a stratified 
combustion dtan internal combustion engine. 35 
Rgures 24A and 24B respectively show a relation ^ 
between an engine speed and a fuel spray diver- 
gent angle, and a relation between an engine load 
and a fuel spray divergent angle during a homoge- 
neous combustion of the internal combustion 40 
engine. 

Rgure 25 shows a relation between a lift amount of 
the valve body and a pressure in a fuel pooling por- 
tion. 

Rgure 26 is a partially sectional side view of a ninth 45 
embodiment of the injector of the present invention, 
the injector being applied to a direct injection type 
engine. 

Rgure 27 is an enlarged view of Rg. 26. 

Rgures 28A and 28B respectively show sectional so 

views of Fig. 27. 

Rgures 29 A and 29 B respectively show a fuel flow 
while a seal portion 2009 is abutted against a seat 
surface 2036. 

Rgures 30 A and 30 B respectively show a fuel flow 55 
while the seal portion 2009 is not abutted against 
the seat surface 2036. 

Rgure 31 is a partially sectional side view of an 



another embodiment of the rnpsctor of the present 
invention, the injector being applied to a direct 
injection type engine. 

Figure 32 is a partially sectional side view of a tenth 
embodiment of the injector of the present invention, 
the injector being applied to a direct injection type 
engine. 

Rgure 33 is an enlarged view of Fig. 32. 

Rgure 34 is a sectional view cut along line C-C in 

Rg. 33. 

Rgure 35 is a partially sectional side view of an 

eleventh errtjodrment of fTre iniectorar the present 

invention, the injector being- -applied to a direct 

injection type engine. 

Rgure 36 is an enlarged view of Fig. 35. 

Rgure 37 is a sectional view cut along line D-D in 

Rg. 36. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0050] Fig. 1 shows a schematic sectional view of a 
first embodiment of an injector of the present invention. 
In Rg. 1, numeral 1 designates an injection nozzle, 
numeral 2 designates a valve body, numeral 3 desig- 
nates a nozzle hole, numeral 4 designates a fuel pool- 
ing portion, and numeral 5 designates a fuel passage. 
Numeral 6 .designates. a rotation sh^ for rotating the 
valve bodr S wfth- respect to the injection nozzle 1 
around a center axis, of tha^vatve body 2. Nunwal T 
:diows s stepping iiiulu for cbivrng the rotation ^ralK. 
BM)51 ] Rgs. 2A to 2C respectively show a coup&iff- 
portion of the rotation sh^and the valve body. Particu- 
larly. Rg. 2A is a perspective view of the coupling por- 
tion of the rotation shaft and the valve body. Rg. 2B is a 
side view of the coupling portion during the valve fully 
•opening period. Fig. 2C is a side view of the coupling 
portion during the valve fully closing period- Fig. 3 
shows a coupling portion of the rotation shaft and the 
stepping motor. In Figs. 2 and 3. numeral 10 designates 
the coupling portion of the rotation shaft 6 and the valve 
body 2. Numeral 1 1 designates a coupling protrusion. 
Numeral 12 designates a coupling groove for engaging 
with the coupling protrusion 11 . Numeral 13 designates 
the coupling for coupling the stepping motor 7 and the 
rotation shaft 6. 

[0052] As shown in Fig. 2. when a drive pulse is not 
supplied to the stepping motor 7, the valve body 2 is 
prevented from rotating with respect to the injection noz- 
zle 1 around the center axis of the valve body 2 by 
engaging the coupling protrusion 1 1 with the coupling 
groove 12. On the other hand, when drive pluses are 
supplied to the stepping motor 7. the valve body 2 is 
allowed to rotate with respect to the injection nozzle 1 
around the center axis of the valve body 2. Also, an 
angular displacement of the valve body 2 with respect to 
the injection nozzle 1 can be controlled by controlling 
the number of the drive pluses supplied to the stepping 
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motor 7. 

[0053] Particularly, as shown in Figs. 2b and 2C, the 
coupling protrusion 11 engages with the coupling 
groove 12 not only during the valve fully opening period 
(Fig. 2B). but also during the valve fully closing period 5 
(Fig. 2C). That is, an angular motion of the valve body 2 
is always restricted by the stepping motor 7. 
[0054] Figs. 4A to 4C respectively show a tip of the 
valve body and a tip of the injection nozzle. Particularly, 
Fig. 4A ia apartially sectional side view of the tip of the io 
vafve body 2 and the tip of the injection nozzle 1 . Fig. 4B 
taaaenct'uevctf the valve body 2. Rg. 4C is an end 
vfwr of llitf Bij«Jlion nozzle 1. As shown in Figs. 4A to 
4C. the tip of the valve body 2 is circumferentially non- 
uniform. That is, the tip of the valve body 2 has two sur- rs 
faces 20 which are parallel to the center axis L of the 
valve body 2 and are parallel each other. The two sur- 
faces 20 are symmetrical with respect to the center axis 
L. The two surfaces 20 can be formed by additionally 
working the tip of the valve body 2. Further, the nozzle so 
hole 3 is a slit. The fuel spray divergent angle 01 
becomes relatively large when the valve body 2 is posi- 
tioned with respect to the injection nozzle 1 such that 
the surfaces 20 are parallel to a longitudinal direction of 
the nozzle hole 3 as shown in Fig. 4A. 25 
[0055] Figs. 5A and SB respectively show the tip of 
the valve body and the tip of the injection nozzle, the 
valve body being rotated 90 degrees from the position 
shofwwT irr Figps. 4A ta AC around its center axis. As - 
shown in Figs. 5^ arvl 5B, as a result 0* 90 degrees 30 
rotatrorrof tteiietebady 2 around tte catter ffids L 
from the pcsrtion shown in Figs. 4A to 4C, the surf a ce s . ^ . 
20 are placed substantially vertical to the tongitudin^ 
direction of the nozzle hole 3. Therefore, a fuel flow 
through the nozzle hole 3 is changed, a fuel spray drver- 
gent angle 62 beoomes smaller than the fuel spray - 
divergent angle 61 (Fig. 4A). 

[0056] Although Figs. 5A and 5B only show the 
valve body 2 which is rotated 90 degrees from the posi- 
tion shown in Figs. 4A to 4C around its center axis U the 40 
fuel spray divergent angle can be continuously control- 
led by continuously controlling a rotation amount of the 
valve body 2 with respect to the injection nozzle 1 from 
0 degree to 90 degrees. 

[0057] According to the present embodiment, the 45 
angular displacement of the valve body 2 whose tip is 
circumferentially non-uniform with respect to the injec- 
tion nozzle 1 is controlled by preventing the valve body 
2 from rotating with respect to the injection nozzle 1 
around the center axis L, or by allowing the valve body so 
2 to rotate with respect to the injection nozzle 1 around 
the center axis L Particularly, the tip of the valve body 2 
has the two surfaces 20 which are parallel to the center 
axis L and are parallel each other, and the nozzle hole 3 
is the slit. Therefore, the fuel spray divergent angle 6 55 
can be changed. 

[0058] Particularly, in case of a direct injection type 
engine, during a stratified combustion, the fuel spray 



divergent angle e is mad&sm^ as^xomx tn Frg, 5A/ 
and the fuel spray is concentrated a'ound a sparking 
plug. On the other hand, during a homogeneous com- 
bustion, the fuel spray divergent angle 6 is made large 
as shown in Fig. 4A. and the fuel spray is dispersed in a 
combustion chamber. Accordingly, an engine pertorm- 
ance can be increased. 

[0059] Further, if the fuel spray divergent angle 9 is 
changed by providing the surfaces 20 and the slit nozzle 
hole 3 in the present embodiment, the fuel spray diver- 
gent angle 6 can be more easily changed from a small 
value to a large vaUie^ tian if the luef spray divergent 
angle is changed by changing a position of the valve 
txxJy with respect to the injection nozzle along the 
center axis of the valve body as disclosed in Japanese 
Unexamined Patent Publication No. 7-259705. Also, the 
fuel injection direction is not restricted to a direction of 
the center axis L of the valve body in the present 
embodiment. 

[0060] Figs. 6A to 6C respectively show a tip of a 
valve body and a tip of an injection nozzle of a second 
embodiment of the injector of the present invention. A 
cross section of the present embodiment is substantially 
the same as the cross sectional of Fig. 1 of the first 
embodiment. A coupling portion of a rotation shaft and 
a valve body of the present embodiment and a coupling 
portion of a stepping motor and the rotating shaft are 
respectively substantially tbesanne as the coupling por- 
tion in Figs. 2A to 2C and the coupfing ptniion in Fig. 3 
of the first embodiment > 
fSSStl : - PatoBu^as^i, Rg. 6A is pali^ sedkrat :- 
skievieytfof atipofthe vatvebodyandatipaftfterniec-''" 
torr nozzfe. Feg. 6B is an end view of the valve bodyi Rg. 
6C is an end view of the injection nozzle. In Figs. 6A to 
6C, numeral 101 designates an injection nozzle. 
Numeral 102.<te5gnates a valve body. Numeral 103 
designates a nozzle hole. Numeral 120 designates a 
notch. As shown in Figs. 6A to 6C, the tip of the valve 
body 102 is circumferentially non-uniformly fornr>ed. 
That is, the tipotthe valve body 102 has the notch T20, 
and the tip of the valve body 102 is non-uniformly 
formed with respect to a center axis L of the valve body 
102, When the valve body 1 02 is positioned with respect 
to the injection nozzle 101 as shown in Figs. 6A to 6C, a 
fuel injection direction does not correspond to a direc- 
tion of the center axis L of the valve body 102. but is 
directed toward a side of the notch 120 (toward a left 
side of Fig. 6A). 

[0062] Figs. 7A and 7B respectively show the tip of 
the valve body and the tip of the injection nozzle, when 
the valve body is rotated 180 degrees from the position 
shown in Figs. 6A to 6C around its center axis. As 
shown in Figs. 7A and 7B. as a result of the 180 degrees 
rotation of the valve body 102 from a position shown in 
Figs. 6A to 6C around the center axis L, the notch 120 
is located on the opposite side of the center axis L from 
a position of the notch 120 shown in Figs. 6A to 6C. 
Therefore, the fuel injection direction is changed from 
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the direction shown in Fig. 6A and is directed toward a 
side of tha natch 120 (toward a right side of Fig. 7A). 
[00631 Although Figs. 7A and 7B only show the 
valve body 102 which is rotated 180 degrees from the 
position shown in Figs. 6A to 6C around its center axis s 
L, the fuel spray divergent angle can be continuously 
changed by continuously controlling a rotation amount 
of the valve body 1 02 with respect to the injection nozzle 
101 from 0 degree to 180 degrees. 

[0064] According to the present embodiment, the io 
angular displacement of the valve body 1 02 whose tip is 
circumferentiatty mmmiform with respect to the iriiec=' vr 
tion nozzle 101 is controlled by preventing the valve 
body 1 02 from rotating with respect to the injection noz- 
zle 101 around the center axis L, or by allowing the 75 
valve body 102 to rotate with respect to the injection 
nozzle 101 around the center axis L. Particularly, the tip 
of the valve body 102 has the notch 120, and the tip of 
the valve body 1 02 is non-uniformly formed with respect 
to the center axis L Therefore, the fuel injection direc- 20 
tion can be changed by rotating the valve body 102 with 
respect to the injection nozzle 101 around the center 
axis L. 

[0065] That is. if a fuel injection direction cannot be 
changed, an impingrtg position of a fuel spray and a 2S 
piston changes when a fu^ injection timing is changed 
in accordance with an engine operation condition. 
Therefore, a motion of the fuel spray changes after 
impinging agarnsMfre prstoiT On the other hand, if the 
fuel injection direction can be changed in the present, r 30 
embodiment, art inip B itiuK^ position of the fu^ spray and : t 
a piston can always be kept at one position by changing 
the fuel injection direction in accordance with a change 
of a fuel injection timing. Therefore, a change of a 
motion of the fuel spray after impinging against the pis- 35 
ton can be prevented. 

[0066] Particularly, in case of a direct injection type 
engine, during a stratified combustion, the fuel spray 
can be certainly concentrated near a sparking plug. 
Accordingly, an engine performance can be increased. 40 
[0067] Figs. 8A to 8C respectively show a tip of a 
valve body and a tip of an injection nozzle of a third 
embodiment of the injector of the present invention. A 
cross section oLthapcesent embodiment is substantially 
the same as the cross sectional 0I Fig. 1 of the first 45 
embodiment. A coupling portion of a rotation shaft and 
a valve body of the present ennbodiment and a coupling 
portion of a stepping motor and the rotating shaft are 
respectively substantially the same as the coupling por- 
tion in Figs. 2A to 2C and the coupling portion in Fig. 3 so 
of the first embodiment. 

[0068] Particularly, Fig. 8A is a partially sectional 
side view of a tip of the valve body and a tip of the injec- 
tion nozzle. Fig. 8B is an end view of the valve body. Fig. 
8C is an end view of the injection nozzle. In Figs. 8A to ss 
80, the valve body 102 and a notch 120 are respectively 
the same as tiie valve body 102 and the notch 120 
shown in Rgs. 6A to 6C of the second embodiment. 



Numeral 201 designates an injection nozzle. Numeral 
203 designates nozzle holes. As shown in Figs. 8A to 
8C, the tip of the injection nozzle 201 has two slit nozzle 
holes 203. In another embodiment, the number of noz- 
zle holes may be more than two, and the shape of the 
nozzle hole may not be slit, but may be circular. In the 
present embodiment, when the valve body 102 is posi- 
tioned with respect to the injection nozzle 201 as shown 
in Figs. 8A to 80. a fuel spray becomes large on a side 
of tiie notch 120 (on a left side of Fig. 8A), arxj a fuel 
spray becomes small on the opposite side (on a right. ^ 

[0069] Figs. 9A and 9B respectively show the tip of 
the valve body and tiie tip of tine injection nozzle, when 
the valve body is rotated 180 degrees from the position 
shown in Figs. 8A to 80 around its center axis. As 
shown in Figs. 9A and SB. as a result of the 1 80 degrees 
rotation of the valve body 102 from a position shown in 
Figs. 8A to 80 around the center axis U the notch 120 
is located on tiie opposite side of the center axis L from 
a position of tiie notch 120 shown in Figs. 8A to 80. 
Therefore, the shape of the fuel spray is changed from 
the shape of the fuel spray shown in Fig. 8A. The fuel 
spray becomes large on a side of the notch 120 (on a 
right side of Fig. 9A). and the fuel spray becomes small 
on tiie opposite side (on a left side of Fig. 9A). 
[0070] Although Figs. 9A and 9B only show the 
valve body 102 wtwch is rotated 180 degrees from the 
position shown irr Rgs.~8A to 80 around its center axis 
Uthe shape . of :tfie fuel spray can be continuously 
c hanged by amtrnuously oontroUkig aj iulatictft amount^ 
of the valve body 1 02 with respect to the injection nozzle ^r^:. 
201 from 0 degree to 180 degrees. 
[0071] According to the present embodiment, the 
angu^r displacement of the valve body 1 02 whose tip is 
drcumferentially non-uniform with respect to the injec- 
tion nozzle 201 is controlled by preventing the valve 
body 102 from rotating with respect to the injection noz- 
zle 201 around the center axis L, or by allowing the 
valve body 102 to rotate with respect to the injection 
nozzle 201 around the center axis L Particularly, the tip 
of the valve body 102 has the notch 120, and the tip of 
the valve body 102 is non-uniformly formed with respect 
to the center axis L. Further, the tip of the injection noz- 
zle 201 has a plurality of nozzle holes 203. Therefore, 
the shape of the fuel spray can be changed by rotating 
tiie valve body 102 with respect to the injection nozzle 
201 around the center axis L. 

[0072] That is. if a shape of a fuel spray cannot be 
changed, an impinging position of a fuel spray on a pis- 
ton changes when a fuel injection timing is changed in 
accordance with an engine operation condition. There- 
fore, a motion of the fuel spray changes after impinging 
against the piston. On the other hand, if the shape of the 
fuel spray can be changed, as in the present embodi- 
ment, an impinging position of the fuel spray and a pis- 
ton can always be kept at one position by changing tiie 
fuel injection direction in accordance with a change of a 
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fuel injection timing. Therefore, a change of a motion of 
the fuel spray after impinging against the piston can be 
prevented. 

[0073] Figs. IDA and 10B respectively show sche- 
matic side views of a portion of an engine in which the 
injector of the third embodiment is applied to a direct 
injection type engine. Particularly, Fig. IDA shows the 
engine during a stratified combustion. Fig. 10B shows 
the engine during a homogeneous combustion. In Figs, 
IDA and 10B, numeral 200 designates an injector, 
numerar 230 designates a combustion chamber, and 
nunr»^2ai diragnates a spark plug. As shown in Figs. 
10A and 1 0B, during the stratified combustion, a fuel 
spray on a side of the spark plug 231 (on an upper side 
of Fig. 10A) becomes large, and a fuel spray on a center 
side of the combustion chamber 230 (on a lower side of 
10A) becomes small. That is, the fuel spray can be cer- 
tainly concentrated near the spark plug 231. Accord- 
ingly, an engine performance can be increased. On the 
other hand, during the homogeneous combustion, a fuel 
spray on the side of the spark plug 231 (on an upper 
side of Fig. 10B) becomes small, and a fuel spray on the 
center side of the combustion chamber 230 (on a lower 
side of 10B) becomes large. Accordingly, the fuel spray 
is homogeneously dispersed all over the combustion 
chamber 230. 

[00741 Fig. 1 1 shows a driving force transmission 
(tevic&.bebveea arsotenoki.arida rotatLon shaft dt a 
fourth embodrrTTent of the irqector of tfie present rnv&F 
tton. In the present entsodimerrt^ thesti^spir^malar and 
the coupling. (Fig. 3) of thefirsttDthMenibacfiinentss^ - 
modified to a sdenotd and a rack-and-pinion drivrng 
m e chan r &ni . \n Fig. 11, numeral 307 designates a sole- 
noid, numeral 308 designates a rack connected to an 
actuator (not shown) of the solenoid 307, and numeral 
309 designates a pinion gear for engaging with the rack 
308. While a switch of the solenoid 307 is kept "on" or 
"ofT. a rotation of the center shaft 6 Is prevented. On the 
other hand, when the solenoid 307 is switched on, or 
MTerr*^safemid307 is switched off, the center shaft 6 
is rotated. 

[0075] According to the present embodiment, the 
angular displacement of the valve body whose tip is cir- 
cumferentially non-uniform with respect to the injection 
nozzle is controlled by preventing the valve body from 
rotating with respect to the injection nozzle around the 
center axis L. or by allowing the valve body to rotate with 
respect to the injection nozzle around the center axis L. 
Therefore, the fuel spray divergent angle, the injection 
direction, or the shape of the fuel spray can be changed, 
[0076] Figs. 12A to 12C respectively show a tip of a 
valve body and a tip of an injection nozzle of a fifth 
embodiment of the injector of the present invention. Fig. 
13 shows changing means for changing an eccentricity 
of a center axis of the valve body with respect to a 
center axis of the injection nozzle. In Figs. 12 and 13. 
numeral 401 designates an injection nozzle, numeral 
402 designates a valve body, numeral 403 designates a 



nozzle hole formed at a tip of the injectBon razzts,. 
numeral 430 designates a magnetized p mtioi i as a 
north pole (N). Numeral 431 designates an irrjector 
housing and numeral 432 designates an electromagnet 
5 placed in the injector housing 431 for applying an 
attracting force or a repulsive force to the msgn^izacl . 
portion 430. 

[0077] When the electromagnet 432 applies an 
attracting force to the magnetized portion 430, the valve 
10 txxJy 402 is eccentrically located with respect to a 
center axis of the injection nozzle 401 toward the elec- 
tromagnet 432 (towartr a right side of Rg. 12A) as 
shown in Fig. 12A. As a result, a fuel injection direction 
is directed to a side of the electromagnetic 432 (to a 
75 right side of the Fig. 12A). 

[0078] When the electromagnet 432 does not apply 
an attracting force or repulsive force to the magnetized 
portion 430, the valve body 402 is concentrically located 
with respect to the center axis of the injection nozzle 
20 401 as shown in Fig. 12B. As a result, a fuel injection 
direction corresponds to a direction of the center axis of 
the injection nozzle 401 . That is, the fuel injection direc- 
tion corresponds to a direction of a center axis of the 
nozzle hole 403. 
25 [0079] When the electromagnet 432 applies a 
repulsive force to the magnetized portion 430. the valve 
body 402 is eccentrically located with respect to the 
ceafeer axis dL the ir^ectkvi rKxzzle401 toward the oppo- 
' :c bite side of the ef ectromagrret 4^ (towad a teft side of 
. m l Ftg:12C)a&shoyKnirtRg. 1 2.C As a resuft, aiue^ iritecr . . 
. tan ^reiJlLBi iscfirectt^ tn the oppubiU^ sde-ctflhe-ete&r- ^ - 
tromagn^ 432. (to a left side of the Rg. 1 2C). 
[00807 fn another embodiment, the magnetized por- 
tion may be magnetized as a south pole (S). 
' 95 [0081] According to the present embodiment, the 
injector can change the fuel injection direction by con- 
trolling the eccentricity of the center axis of the valve 
body 402 with respect to the center axis of the injection 
nozzle 401. 

40 [0082] Further, according to the present embodi- 
ment, the injector includes a first position in which the 
center axis of the valve body 402 is eccentrically located 
with respect to the center axis of the injection nozzle 

401 toward a side of the electromagnetic 432 (Fig. 12A), 
45 a second position in which the center axis of the valve 

body 402 is concentrically located with respect to the 
center axis of the injection nozzle 401 (Fig. 12B), and a 
third position in which the center axis of the valve body 

402 is located on the opposite side of the center axis of 
so the injection nozzle 401 from the first position (Fig. 

12C). Therefore, the injector can change the fuel injec- 
tion direction in three steps. 

[0083] Figs. 1 4 and 15 show partially sectional side 
views of a sixth embodiment of an injector of the present 
55 invention. Particularly. Fig. 1 4 shows the injector when a 
protruding amount of a tip of an inner member of a valve 
body with respect to an outer member is large. Fig. 15 
shows the injector when the protruding amount of the tip 
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of the inner member of the valve body with respect to 
the QuteL member is small. Figs. 16A and 16B respec- 
tivefy strow the inner member and the outer member of 
the valve body. In Figs. 14. 15, 16A and 16B, numeral 
1001 designates a nozzle hole, numeral 1002 desig- 
nates a valve body for opening or closing the nozzle 
hole 1001, numeral 1003 designates the inner member 
of the valve body 1002. Numeral 1004 designates the 
tip of the inner member 1003. numeral 1005 designates 
the outer member of the valve body 1002. the outer 
member 1 005 being located outside of the inner mem-^, 
ber lOOa. Numoral 1006 designates an injection nozzle 
and numerat 1007 designates a fuel passage. Numeral 
101 1 designates an inner member solenoid for making 
a protruding amount of the tip 1004 of the inner member 
1003 with respect to the outer member 1005 small. 
Numeral 1012 designates an inner member spring for 
pushing the inner member 1003 toward a direction in 
which the tip 1004 of the Inner member 1003 protrudes 
with respect to the outer member 1005. Numeral 1013 
designates an outer member solenoid for attracting the 
valve body 1002 toward a valve opening direction, par- 
ticularly for attracting the outer member 1005 upward 
(Figs. 14 and 15). Numeral 1014 designates an outer 
member spring for pushing the valve body 1002 toward 
a valve closing direction, particularly for pushing the 
outer member 1005 downward (Figs. 14 and 15). 
Numeral 1015 designates a non-magnetic portion, 
numeral 1016 designates a fuel pooling portion. 
[0084] As shown in Fig. .14, when the protruding 
amount of the tip 1Q(l4^ttf the rmer memberttOO^wfth^i, 
respect to the o ut er im a i ib er 1 005 should belarge dur- 
ing the vafve opemng period, energizing for the inner 
member solenoid 1011 Is stopped, or an energizing 
anount is reduced. Therefore, the inner member 1003 
T is'pushed downward byrlbainner member spring 1012, 
and the protruding amount of the tip 1004 of the inner 
member 1003 with respect to the outer member 1005 
becomes large. In this^case, a fuel flow through the noz- 
zie hoie.lO(U^ isparallel to a center axis of the 
Injector, becomes strong, and a fuel flow divergent 
angle becomes small. Further, a momentum of the fuel 
flow is reduced by a resistance of an Inner wall of the 
injection nozzle 1006 in the fuel pooling portion 1016 
(Fig. 15). and a penetration power of the fuiel spray is 
reduced. 

[0085] On the other hand, as shown in Fig. 15, 
when the protruding amount of the tip 1004 of the inner 
member 1003 with respect to the outer member 1005 
should be small during the valve opening period, the 
energizing amount for the Inner member solenoid 1011 
becomes larger than the case of Fig. 1 4. Therefore, the 
Inner member 1003 is attracted upward by the inner 
member solenoid 1011, and the protruding amount of 
the tip 1004 of the Inner member 1003 with respect to 
the outer member 1005 becomes snnall. In this case, a 
fuel flow through the nozzle hole 1001, which trans- 
verses the center axis of the Injector, becomes strong, 
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and the fuel flow divergent angfe becomes farge. Fur- 
ther, since the fuel does not flow along the Inner wall of 
the Injection nozzle 1006 in the pooling portion 1016, 
the momentum of the fuel flow is not reduced by the 
resistance of the inner wall of the injection nozzle 1006 
in the fuel pooling portion 1016, and the penetration 
power of the fuel spray becomes larger than the case of 
Fig. 14. 

[0086] When the protruding amount of the tip 1004 
of the inner member 1003 with respect to the outer 
member 1005 should be changed in order to change the 
^fael bfjicif divergent argle sid the penetration power of 
the fuel spray, the energizing amotint for the inner mem^ 
ber solenoid 1011 is changed. That Is. when the pro- 
truding amount of the tip 1004 of the inner member 
1003 with respect to the outer member 1005 should be 
reduced, the energizing amount for the inner member 
solenoid 1011 is Increased, and when the protruding 
amount of the tip 1004 of the Inner member 1003 with 
respect to the outer member 1 005 should be Increased, 
the energizing amount for the Inner member solenoid 
101 1 is reduced. The protruding amount of the tip 1004 
of the inner member 1003 with respect to the outer 
member 1005 can be continuously changed by continu- 
ously changing the energizing amount for the Inner 
member solenoid 101 1 . 

[0087] According to the present embodiment, a rel- 
dKve position of ttie tip 1004 of the inner menr^Der 1003 
.<jf1he valve body 1002 with respect to the outer member 
30 Arl005 during the. valve opening, period .is jdecided in 
^ ^ : accord^rawfrntlarget shape of aftiei spc^, mdthen 
^ ^- the tip 1004 is hjuated at the decided posiion.' That h^P 
the relative position of the tip 1004 of the Inner merrbe^: 
1003 with respect to the outer mennber 1 005 is changed 
in accordance with the target shape of the fuel spray 
without referem to a fuel supply pressure with respect 
to the injector. Therefore, even if the fuel supply pres- 
sure with respect to the injector does not change, the 
relative position of the tip 1004 of the inner member 
1003 of the valve body 1002 with respect to the outer 
member 1005 can be changed in order to change the 
target shape of the fuel spray. 

[0088] Further, a minimum cross section of the fuel 
passage during the valve opening period is defined by 
an inner surface of the injection nozzie 1006 and an 
outer surface of the outer member 1005 of the nozzle 
body 1002 without reference to the Inner member 1003 
of the valve body 1 002. Therefore, the target shape of 
the fuel spray can be changed by changing the relative 
position of the tip 1004 of the Inner member 1003 of the 
valve body 1 002 with respect to the outer member 1 005. 
while keeping a fuel injection rate constant. 
[0089] Also, according to the present embodiment, 
the protruding amount of the tip 1 004 of the inner mem- 
ber 1003 of tiie valve body 1002 with respect to the 
outer member 1005 during the valve opening period Is 
selected by selecting the energizing amount for the 
inner member solenoid 1011. That Is. the protruding 
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amount of the tip 1 004 with respect to the outer member 
IQQSia changed by changing the energizing amount for 
the rrmer member solenoid 1011 without reference to 
the fuel supply pressure with respect to the injector. 
Therefore, even if the fuel supply pressure with respect 
to the injector is not changed, the protruding annount of 
the tip 1004 of the inner member 1 003 of the valve body 
1002 with respect to the outer member 1005 can be 
changed. 

[0090] Moreover, according to the present embodi- 
ment, the inner member solenoid 101 1 is located on the 
opposil&siEte-ot the inner member 1003 fronmfi&^ 
1 004 and outside of the outer member 1 005. Therefore, 
the injector can prevent the fuel to be injected impinging 
on the inner member solenoid 1011. and the outer 
member 1 005 of the valve body 1 002 can be small. 
[0091 ] Figs. 1 7 and 1 8 show partially sectional side 
views of a seventh embodiment of an injector of the 
present invention. Particularly, Fig. 17 shows the injec- 
tor during the valve fully closing period. Fig. 18 shows 
the injector during the valve fully opening period. Fig. 19 
is a side view of an injection nozzle. Figs. 20A and 20B 
respectively show a valve body. Particularly, Fig. 20A is 
a partially sectional side view of the valve body. Fig, 20B 
isa aoss sectional cut along line A-A in Rg. 20 A. Figs. 
21 A to 2 1C respectively show relations between a lift 
amount of the valve body and a fuel spray divergent 
aog^ fri Figs. 17. 18. 19, 2QA. 20B. 21 A, 218 and 210- 
nurrmat Tt02 ctesrgnates a hoHow valve body, nunrsaf 
1 102 designates an injection nozzle, nunneral t IQSilesr 
ignates a nozzte hcAe of the infectiocr cnzfe^ 1102,. 
and numeral T104 designatesa seal portron of the valve . 
body 1101. Numeral 1105 designees- first openings- 
located downstream (lower side in Fig. 17) of the seal 
portion 1104 for allowing a fuel to be rr^ected. to flow 
into an inside of the valve body 1101. Numeral 1106 
designates a substantially trapezoidal second opening 
for allowing the fuel, which flows from the first openings, 
to flow out of the valve body 1002. Numeral 1 107 desig- 
nates a left side wall of the second opening 1106, 
numeral 1 108 designates a right side wall of the second 
opening 1 106. numeral 1 120 designates an overlapping 
area of the second opening 1106 and the slit nozzle 
hole 1103. Numeral W1 designates an upstream width 
of the second opening 1 106, numeral W2 designates a 
downstream width of the second opening 1106, and 
numeral W3 designates a width of the slit nozzle hole 
103. Numeral 01 designates an intersection point of an 
extension line from a surface of the left side wall 1 107 of 
the second opening 1106 and an extension line from a 
surface of the right side wall 1108. Numeral 02 desig- 
nates a center axis of the valve body 1 101, and numer- 
als 61, 62 and 63 respectively designate fuel spray 
divergent angles. The lift amount of the valve body 1101 
is controlled by the solenoid 1013 as shown in Fig. 14. 
[0092] While the valve body 1 101 is located on a 
fully closing position, the fuel flow is shut by the seal 
portion 1 1 04 as shown in Fig. 1 7, and therefore, the fuel 



is not injected from the nozztetete tl03- Then, as an 
energizing amount for the valve body lifting solenoid is 
increased, the valve body 1101 is moved upward. When 
the fuel flow is not shut by the seal portion 1 104, the fuel 

5 flows through the first openings 1 105, and flowaintathe 
inside of the hollow valve body 11 01 . And then; tteftjet - 
flows through the second opening 1 1 06 and thesfifTToz*- 
zle hole 1103. and is injected out of the injector, as 
shown in Rg. 18. 

10 [0093] As shown in Figs. 19, 20A and 20B. the 
tpstream width W1 of the second opening 1106 is 
"■■ sna0eFlhaT the duvM&iKWfi wkJttrWZ of the second 
opening 1106, and is smaller than the width W3 of the 
slit nozzle hole 1103 of the injection nozzle 1102. 

IS Therefore, as the lift amount of the valve body 110t 
becomes larger, a width of the overlapping area 120 
(hatched area in Figs. 21 A to 21 C) of the second open- 
ing 1 106 and the slit nozzle hole 1 103 becomes larger, 
and the fuel divergent angle ei , 62. 63 becomes larger 

20 (from Rg. 21 A to Fig. 21 C). 

[0094] According to the present embodiment, a 
shape of the overlapping area 120 (hatched area in 
Figs. 21 A to 21 C) of the second opening 1106 and the 
slit nozzle opening 1 103 is changed on the basis of the 

25 lift amount of the valve body 1101. Therefore, the target 
shape of the fuel spray can be changed by a method 
which is different from the prior art method. Particularly, 
the overlapping area 1 1 20 of the slit nozzle hole 1 1 03 of 
the injection nozzle 1 1 02 and the second opening 1 1 06 
. 30 of the valve body 1101 increases inaeaangthe lot 
amca in t of Iti b v^ve tody tlOT. Thgefare, th&^T^ig^^ 
the fuel spray can be changed by changing the^^ift"' 
' amount of the v^ve body ttOl and ctenging thecjver- 
lapping area 1120 of the slit nozzle hole 1103 and the 
^35 seconcf opervng 1106. 

*B)095i :i:-- Fbrtto; .acoaafing to the present embodi- 
ment, during the valve opening period, i.e., after a valve 
opening motion is completed, the minimum cross sec- 
tion of the fuel pagysaqp is defined by the first openings 

40 1105 of the va*ve body 1101, without reference to a 
change of the overlapping area 1 120 of the slit nozzle 
hole 1 103 and the second opening 1 106. That is, in the 
present embodiment, a sum of area of the two first 
openings 1105 is smaller than the overlapping area 

45 1 120 of the slit nozzle hole 1 103 and the second open- 
ing 1106 when the overlapping area 1120 is the small- 
est as shown in Fig. 1 7. Therefore, the shape of the fuel 
spray can be changed by changing the lift amount of the 
valve body 1101 and changing the overlapping area 

50 1 120 of the slit nozzle hole 1 103 and the second open- 
ing 1 106, while keeping the fuel injection rate constant. 
[0096] Moreover, according to the present embodi- 
ment, the width of the second opening 1106 becomes 
gradually smaller as a position in which the width of the 

55 second opening 1106 is measured shifts from down- 
stream to upstream. Therefore, as the lift amount of the 
valve body 1 101 increases, the width of the overlapping 
area 1 120 of the slit nozzle hole 1 103 and the second 
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opening 1106 increases. Accordingly, the injector can 
gradually increase the fuel spray divergent angle 61 . 02, 
63 by gradually increasing the lift amount of the valve 
body 1101. 

[0097] Also, according to the present embodiment, 
the Intersection point 01 of the extension line from the 
surface of the left side wall 1 107 of the second opening 
1 106 and the extension line from the surface of the right 
side wall 1 108 of the second opening 1 106 Is located on 
tha opposite side of the center line 02 of the valve body 
TTOT from the secorxJ opening 1106, as shown in Fig. 
20B. TTwefore, the fuel flowing inside of the valve body 
1101 can more easily flow Into the second opening 
1106 than if the intersection point is located near the 
second opening. Accordingly, the Injector can form the 
fuel spray whose turbulence is smaller than If the inter- 
section point is located near the second opening. 
[0098] An eighth embodiment of an injector of the 
present invention will be explained. Although a size of 
the overlapping area 1 120 of the silt nozzle hole 11 03 
and the second opening 1 106 is changed when the lift 
amount of the valve body is changed from a zero lift 
amount to a maximum lift amount in the seventh embod- 
iment, in the present embodiment, a size of an overlap- 
ping area of a stit nozzle hole and a second opening Is 
changed when a maximum lift amount of a valve body is 
changed. A constitution of the present embodiment is 
substeitiai^lhe:same asaoonstitution of the seventh ? 
embodiment: r.: " -'- * •■: 

[0099] ^ Rgs^ 22A: and 22B respectively show rekar,: 
tions betweCTta-ii fauwumu Sft amount of the valve body' 
and a fuel spray divergent angle. In Figs. 22A^-and 22B, 
numeral 1203 desgnates a slit nozzle hole of Ite Injec- 
tion nozzle, numeral 206 designates aL^eub^ntially 
trapezoidal second opening for allowing tfTe-fbel, which 
flows from the first openings, tq^ tow out otthe valve 
body. Numeral 1220 designates^ overlapping area of 
the second opening 1206 and the slit nozzle hole 1203. 
A maximum lift amount of the valve body is controlled by 
changing a position of an abutment cam located on an 
, upper end of the valve body In another embodiment, a 
maximum lift amount of the valve body may be changed 
by changing an energizing amount of a solenoid for 
attracting the valve body toward a valve opening direc- 
tion. 

[01 00] As shown in Fig. 22A, when the maximum lift 
amount of the valve body is small, a width of the over- 
lapping area 1220 (hatched area in Fig. 22A) of the sec- 
ond opening 1206 and the slit nozzle hole 1203 is 
relatively small, and therefore, a fuel spray divergent 
angle 811 is relatively small. As shown in Fig. 22B» 
when the maximum lift amount of the valve body 
becomes larger, the width of the overlapping area 1220 
(hatched area in Fig. 22B) of the second opening 1206 
and the slit nozzle hole 1203 becomes larger, and there- 
fore, the fuel spray divergent angle 612 becomes larger. 
[01 01 ] Figs. 23 A and 238 respectively show a rela- 
tion between an engine speed and a fuel spray diver- 



gent angle, and a relation between an engine Ited and 
. a fuel spr^ diuecgent angle during a stratified combus- 
tion of an internal combustion engine. As shown in Figs. 
23 A and 238, in the present embodiment, as the engine 

5 speed increases, the maximum lift amount d tha valwe 
body is increased, and therefore, the fuel spray (teF- 
gent angle 6 is increased. That is, art overlean area 
around a sparking plug is prevented by making the fuel 
spray divergent angle d small when the engine speed 
70 and the engine load are low, and therefore, a misfire is 
prevented during an idling operation. Also, an overrich 
area aKainitithe sparkkig plug is pMrfsyerteclby^'making 
the fuel spray divergent angle 0 large when the engine 
speed and the engine load are high, and therefore, an 

75 air fuel ratio can be locally stabilized. Therefore, a stabi- 
lization of a combustion is increased. 
[01 02] Figs. 24A and 248 respectively show a rela- 
tion between an engine speed and a fuel spray diver- 
gent angle, and a relation between an engine load and 

20 a fuel spray divergent angle during a homogeneous 
combustion of the internal corr»bustion engine. As 
shown in Figs. 24A and 248, in the present embodi- 
ment, the maximum lift amount of the valve body is kept 
at a maximum, and the fuel spray divergent angle 6 is 

25 - kept at a maximum, without reference to the engine 
• speed. Also, the nrraximum lift amount of the valve body 
is kept at a maximum, and the fuel spray divergent 
angiad is keptata maximum, without reference to the 
- engine \aad. That is. a mi'xitKi of all air and a ^el is 

sar- accelerated fay keepBigtheiuel spray divergent angle 6 
^ a maximun without refi^ence to the engine speeitnsr^ i 
the engine load, and therefore, an air utilization rate is ' 
increased over ail engine speed and engine toad. 
Accordingly, fuel consumption and power can be 

35 increased. 

[0103] Fig. 25 shows: a relation between the lift 
amount of the valve body and a pressure in a fuel pool- 
ing portion. As shown in Fig. 25, if the overlapping area 
1220 of the second opening 1206 arxi the slit nozzle 

40- ' hole 1203 is increased in accordance with an increase 
of the lift amount of the valve body like as the present 
embodiment, the overlapping area 1220 is made rela- 
tively small when the lift amount of the valve body is 
small. Therefore, a pressure in a fuel pooling portion 

45 can be quickly increased (solid line in Fig. 25). On the 
other hand, if an area of a nozzle hole is fixed as in the 
prior art, the area of the nozzle hole is relatively large 
even when a lift amount of a valve body is small. There- 
fore, a relatively long time is required to increase a pres- 

50 sure in a fuel pooling portion (dotted line in Rg. 25). 
Accordingly, the fuel spray can be fine even when the 
fuel injection is in an initial step, by quickly increasing 
the pressure in the fuel pooling portion as in the present 
invention. 

55 [0104] According to the present embodiment, the 
injector further has an advantageous effect which is 
substantially the same as the advantageous effect of 
the seventh embodiment. 
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[0105] Fig. 26 is a partially sectional side view of a 
ninth embodiment of an injector of the present inven- 
tion, the Injector being applied to a direct injection type 
engine. Fig. 27 is an enlarged view of Fig. 26. Figs. 28A 
and 28B respectively show sectional views of Rg. 27. 5 
Particularly, Fig. 28A is a sectional view cut along line 
A'-A' in Fig, 27. Fig. 28B is a sectional view cut along 
line B. In Figs. 26, 27, 28A and 288, numeral 2001 des- 
ignates a slit nozzle hole, numeral 2002 designates an 
injection nozzle with the nozzle hole 2001, numeral 70 
2003 designates a valve body for opening or closing the 
nozzle^ bake 2001, numeral 2004 designates a nozzle 
inner surfece, numeral 2005 designates a valve body 
outer surface, and numeral 2006 designates a fuel pas- 
sage defined by the nozzle inner surface 2004 and the 75 
valve body outer surface. Numeral 2007 designates a 
cylindrical fuel flow controlling member located on a tip 
side of the valve body 2003 in the fuel passage 2006 for 
controlling a fuel flow in the fuel passage 2006. The fuel 
flow in the fuel passage 2006 is changed by moving the 20 
fuel flow controlling member 2007 along a center axis L 
of the injector independently of the valve body 2003. 
[01 06] Numeral 2008 designates a tip portion of the 
fuel flow controlling member 2007. numeral 2009 desig- 
nates a seal portion constituting a part of the tip portion 25 
2008 and numeral 2010 designates a notch constituting 
another pan of the tip portion 2008. An outer surface of 
. thekieLtew oookiattiDg manber 2007 iacomrnunicalQcl :x 
wiUi OTifffTiH bulactfof tfieluef fiovT'COiiliuRtng'rrT^^ - 
2007 by the nafch 2Q1Q. Particularty, a& shown in Fig: : 3ff 
28A. the tp pcfflracr 2008 of the fuel flegrio ontioHiiK^ ^ 
member 200r is asymmefric because of the seal por-. .\ 
tion 2009 and therKrtch 2010. Further, the notch 20t0 : 
extends perpendicularly with respect to the inner sur- 
face and the outer surface of the fuel flow controlling as 
nrember 2007, La, the notch 2010 extends radially. 
Although only one notch 2010 is provided, a plurality of 
notches may be provided in another embodiment. 
[0107] Returning to the present embodiment, 
rwmeral 2021 designates an injector body, numeral 40 

2022 designates a first solenoid for attracting the valve 
body 2003 toward a valve opening direction, numeral 

2023 designates a spring for pushing the valve body 
2003 toward a valve closing direction and numeral 2024 
designates a non-magnetic ring. Numeral 2025 desig- 45 
nates a second solenoid for attracting the fuel flow con- 
trolling member 2007 toward a rear end side (Rg. 26), 
numeral 2026 designates a non-magnetic ring, numeral 
2027 designates a spring for pushing the fuel flow con- 
trolling member 2007 toward a tip side (Fig. 26). As an so 
energizing amount for the second solenoid 2025 is 
increased, the fuel flow controlling member 2007 is 
moved toward the rear end side (Fig. 26). On the otiier 
hand, as the energizing amount for tiie second solenoid 
2025 is decreased, tiie fuel flow conti-olling member ss 
2007 is moved toward tiie tip side (Fig. 26). That is. a 
position in which the fuel flow controlling member 2007 

is held is continuously controlled by continuously con- 



trolling the energizing amount for fhe^annd solenoitf 
2025. Numefai 2028 designates a retaining nut, 
numeraf 2029 designates a socket numeral 2030 des- 
ignates an O-ring. numeral 2031 designates a fuel intro- 
ducing hole, numerals 2032, 2033 and 2034 designate 
a fuel passage, numeral 2035 designates a fuel flow 
controlling member stop, and numeral 2036 designate 
a fuel flow controlling member seat surface. When the 
seal portion 2009 is abutted against the seat surface 
2036, a cross section of the fuel passage defined by tiie 
notch 2010 is decreased to a cross section which is 
substantia^ the same as a crass section of the nozzte ■ . 
hole 2001. 

[0108] Figs. 29A and 298 respectively show a fuel 
flow while a seal portion 2009 is abutted against a seat 
surface 2036. Figs. 30A and 308 respectively show a 
fuel flow while the seal portion 2009 is not abutted 
against the seat surface 2036. Particularly, Figs. 29A 
arxi 30 A are views seen from the same direction as 
Figs. 26 and 27. Rgs. 29B and 308 are views seen from 
a direction which is perpendicular with respect to a lon- 
gitudinal direction of the slit nozzle hole 2001. As shown 
in Figs. 29A and 29B, when the energizing of tiie sec- 
ond solenoid 2025 is stopped and tiie seal portion 2009 
is abutted against the seat surface 2036. the fuel flows 
into the nozzle hole 2001 through only the notch 2010. 
Accordingly, since a fuel which flows into tiie nozzle 
: hale2001 atoog the lonQitiiriinaL direction of tiie slit noz- 
zte hole 2001 (rfong a lateral dir ec i fcin of Fig. 298) does 
not east aiuel spray divergent angle 6t Ic^coms id^^ 
tively sm^ Qrr the other hand, as ^nwa kt FigsL^SOA^-^ 
and 30B» when the secorvl solsKiid 2025 is energfeKf' 
and a is formed between the seal portion 2009 and 
the seat surface 2036. the fuel flows into the nozzle hole 
2001 tiirough both the gap and tiie notch 2010. Accord- 
ingly, since a fuel flows into the nozzle hole 2001 along 
the longitudinal direction of the slit nozzle hole 2001 
(along a lateral direction of Fig. 30B), a fuel spray diver- 
gent angle 82 becomes larger tiian the fuel spray diver- 
gent angle 61 of Fig. 298. If the gap between the seal 
portion 2009 and the seat surface 2036 becomes 
smaller than the gap shown in 308. the fuel spray diver- 
gent angle becomes smaller than the fuel spray diver- 
gent angle 02 shown in Fig. 308 and becomes larger 
than the fuel spray divergent angle 61 shown in Rg. 
298. That is. the fuel spray divergent angle can be con- 
tinuously conti-olled by continuously controlling the 
energizing amount for the second solenoid 2025. 
[0109] According to the present embodiment, the 
fuel flow in the fuel passage 2006 defined by the injec- 
tion nozzle inner surface 2004 and the valve body outer 
surface 2005 is changed by moving the fuel flow control- 
ling member 2007 in tiie fuel passage 2006 along the 
center axis L of the injector. Therefore, the shape of the 
fuel spray can be changed. That is. even if tiie lift 
amount of the valve body 2003 is not changed, tiie 
injector can change the fuel flow in tiie fuel passage 
2006 and the nozzle hole 2001 and change tiie shape of 
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the fuel spray by moving the fuel flow controlling mem- 
ber 2007 along the center axis L of the injector. 
[0110] Further, according to the present embodi- 
ment, the cylindrical fuel flow controlling member 2007 
which is movable independently of the valve body 2003 
is located on the tip side of the valve body 2003 in the 
fuel passage 2006, and at least one notch 2010 for 
communicating with the outer periphery and the inner 
periphery of the cylindrical fuel flow controlling member 

- i 2007 is located at the tip portion 2008 of the cylindrical 
fuel flow controlling tnember 2007. Therefore, tti&kiet 
flow in thefuehasssage^OOG can be changed by okbk' 
ing the cylindrical fuel flow controlling member 2007 
having the notch 2010 in the fuel passage 2006. 
Accordingly, the shape of the fuel spray can be 
changed. That is, even if the lift amount of the valve 
body 2003 is not changed, the injector can change the 
fuel flow in the fuel passage 2006 and the nozzle hole 
2001 and change the shape of the fuel spray by moving 
the cylindrical fuel flow controlling member 2007 which 
is movable independently of the valve body 2003. Fur- 
ther, since the cyiindrical fuel flow controlling member 
2007 is located on the tip side of the valve body 2003 in 
the fuel passage 2006. and the notch 2010 is located at 
the tip portion 2008 of the cylindrical fuel flow controlling 
member 2007. the fuel which flows tirough the slit noz- 
zle hole 2001 is nx>re advantageously changed, and 
therefore, the shape^of the fuel spray can be changed, 

. wherem changing the shape of ttre fuel^ spray includes 
both changing the fuel spray divergenr angle i and, 
changing the fuel w^ecborrtfirection. -r?;"': , 

[0111] Although the nozzle hole 2001 is the slit in 
the present embodiment, in another embodiment, the 
nozzle hole may be completely circular or elliptic. Pref- 
erably, the nozzle hole is not completely circular, but is 
dtieSBi. such as elliptic or slit in order that the shape of 
the fuel spray is more advantageously changed. 
[0112] Also, according to the present embodiment, 
the fuel flc»/jQQntroning naenabe£20O7 is moved such 
that the cross sb^uiuri of tf re fbef passage is decreased 
to the cross section of the nozzle hole, i.e., such that the 
seat portion 2009 is abutted against the seal surface 
2036. Therefore, the fuel injection rate can be 
decreased. For example, even if the fuel injection period 
cannot be decreased, the fuel injection amount can be 
decreased. Further, according to the present embodi- 
ment, the tip of the fuel flow controlling member 2007 is 
comprised of the seal portion 2009 and the notch 2010, 
and the shape of the tip of the fuel flow controlling mem- 
ber 2007 is asymmetric. Therefore, a portion in which 
the fuel cannot easily fbw and a portion in which the 
fuel can easily flow can be provided in the fuel passage 
2006 defined by the injection nozzle inner surface 2004 
and the valve body outer surface 2005. Accordingly, a 
position of the portion in which the fuel cannot easily 
flow and a position of the portion in which the fuel can 
easily flow can be changed by changing a position of 
the fuel flow controlling member 2007 along the center 



axis L of the injector. That is, when the seat portion 
2009 is abutted against the seal surface 2036, only the 
notch 2010 corresponds to the portion in which tiie fuel 
can easily flow. On the other hand, when the seat por- 

5 tion 2009 is not abutted against the seal surface 2036, 
both the notch 2010 and the seat portion 2009 corre- 
spond to the portion in which the fuel can easily flow. As 
a result, the fuel which flows through the fuel passage 
2006 and the slit nozzle hole 2001 can be advanta- 

10 geously changed, and tiie shape of the fuel spray can 
be changed. 

^- intS} V Moreover, acconfing tgJh&pres en f ei nix xfi- 
ment, the cylindrical fuel flow controlling member 2007 
having the notch 2010 at the tip portion 2008 is moved 

IS in a moving direction of the valve body 2003. i.e., is 
moved in a direction which is tiie same as a direction of 
tine center axis L of the injector. Therefore, the shape of 
tiie fuel spray can be changed by making the fuel flow 
into tiie slit nozzle hole 2001 circumferentially non-uni- 

20 form when the lift amount of the cylindrical fuel flow con- 
frolling member 2007 is made small and the seat 
portion 2009 is abutted against the seal surface 2036. 
and by making the fuel flow into the slit nozzle hole 2001 
circumferentially relatively uniform when the lift amount 

25 Of the cylindrical fuel flow controlling member 2007 is 
fnade large and the seat portion 2009 is not abutted 
against the seal surface 2036, 

[01141 Although the fuel flow controlling member 
: 2007 is' moved by the second solenoid 2025 in the 
30 present embodiment, ffi another embodiment, a fuel 
- flow contrattrng-meTtar may^benKaved by changingrat^' 
T fuel supply pressure Fig. 31 is a partially sectionar sfcfe " 
'j:.. view of err another embodiment ^ an injector of thfr 
: present invention, the injector being applied to a dir^ : 
35 injection type engine. In Fig. 31i^numeral 2601 desrg-^ ^ 
^ nates a low pressure chamber, a fuel being supplied 
tiie low pressure chamber 2601 tiirough a fuel passage 
2602. The low pressure chamber 2601 is sealed from 
the fuel passages 2006, 2032 by seal portions 2603. 
40 2604. Numeral 2605 designates a spring for pushing ' 
the fuel flow controlling member 2007 downward (Rg. 
31). If a fuel pressure in a high pressure chamber 2606 
communicating with the fuel passage 2006 becomes 
larger than a sum of a fuel pressure in the low pressure 
45 chamber 2601 and a pressure of the spring 2605, the 
fuel flow controlling member 2007 is moved upward 
(Fig. 31). On the other hand, if the fuel pressure in tiie 
high pressure chamber 2606 becomes smaller than the 
sum, the fuel flow conti-olling member 2007 is moved 
so downward (Rg. 31). According to the present embodi- 
ment, the shape of the fuel spray can be changed by 
moving the fuel flow controlling member 2007 along the 
center axis L of the injector by a fuel supply means for 
supplying a fuel to the injector, without providing an 
55 another moving means for moving tiie fuel flow control- 
ling member 2007. 

[0115] Fig. 32 is a partially sectional side view of a 
tenth embodiment of an injector of the present inven- 
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tion, the injector being applied to a direct injection type 
engine. Fig. 33 is an enlarged view of Fig. 32. Fig. 34 is 
a sectional view cut along line C-C in Fig. 33. In Figs. 32 
to 34, numerals which are the same as the numerals 
shown In Figs. 26, 27, 28A. 28B. 29A, 29B. 30A and 5 
30B designate parts or portions which are the same as 
the parts or the portions shown in Figs. 26, 27, 28A, 
288, 29A. 298, 30A and 308. numeral 2101 designates 
a cylindrical nozzle hole, and numeral 2107 designates 
a cylindrical fuel flow controlling member located on a w 
tip sicfe of tfie valve body 2003 in the fuel passage 2006 
for Gonlratting the fuel flow in the fuel passage 2006^. 
Numera* Zt.Tt designates a swirl collar, and numeral ^" 
2112 designates a swirl hole formed in the swirl collar 
2111. ,5 

[0116] According to the present embodiment, the 
fuel flow controlling member 2107 in the fuel passage 
2006 defined by the injection nozzle inner surface 2004 
and the valve body outer surface 2005 Is moved along 
the center axis L of the injector. Therefore, a blocked 20 
area wherein the swirl hole 21 1 2 Is blocked with the fuel 
flow controlling member 2107 Is changed, and the fuel 
flow in the fuel passage 2006 Is changed. Accordingly, 
the shape of the fuel spray is changed. That is, even if 
the lift amount of the valve body 2003 is not changed. 25 
the fuel flow through the fuel passage 2006 and the 
cylindrical nozzle hole 2101 can be changed by moving 
the fuel flow controlling member 2107 along the center 
axis L of the nrtfector and therefore, ttie shape of the fuef ' 
spray cat b&changed. 30 
[Oft7i;r:v/FiJrthBr, according to the preser^ orta^ v 
menttt«feiel flow controlling member 21 07 is moved in 
order that the cross section of the fuel passage Is 
decreased to the cross section of the nozzle hole. 
Therefore, the fuel injection rate can be decreased. For 35 
example, even if the fuel injection period cannot be 
decreased, the fuel injection amount can be decreased. 
Also, according to the present embodiment, the cylindri- 
cal, tuel flow controlling member 2107 is moved in a 
moving directrorr ot the valve body 2003. i.e.. is moved 40 
in a direction which is the same as a direction of the 
center axis L of the injector. Therefore, the shape of the 
fuel spray can be changed by making the fuel flow Into 
the cylindrical nozzle hole 2101 circumferentially non- 
uniform when the lift amount of the cylindrical fuel flow 45 
controlling member 2107 is made small, and by making 
the fuel flow into the cylindrical nozzle hole 2101 cir- 
cumferentially relatively uniform when the lift amount of 
the cylindrical fuel flow controlling member 2107 is 
made large and the swirl hole 21 12 is not blocked with so 
the fuel flow controlling member 2107. 
[0118] Moreover, according to the present embodi- 
ment, since a fuel return passage is not required, the 
injector can be simpler. Further, since the fuel flow con- 
trolling member 2107 Is not rotated but is directly ss 
moved, a controlling response of the fuel flow controlling 
member 2107 becomes faster than if the fuel flow con- 
trolling member is rotated. 



[0119] Although the fuel flow c ontiu!Bf i y nnaiitjtf r 
2107 is moved by the second solenoid 2025 in the 
present embodiment, in another embodiment, a fuel 
flow controlling member may be moved by changing a 
fuel supply pressure as in the embodiment shown in 
Fig. 31 . According to this embodiment, the shape rfthe 
fuel spray can be changed by nx)ving the fuel flow con- 
trolling member 2107 along the center axis L of the 
Injector by a fuel supply means for supplying a fuel to 
the injector, without providing an another moving means 
for moving the fuel flow controlling member 2107. 
[PI2gi .: ' .H3L35tsapartraflys ectiona» sideviewof an . 
eleventh embodiment of an injector of the preserrt 
invention, the injector being applied to a direct injection 
type engine. Fig. 36 is an enlarged view of Fig. 35. Fig. 
37 is a sectional view cut along line D-D in Fig. 36. In 
Figs. 35 to 37, numerals which are the same as the 
numerals shown in Figs. 26 to 34 designate parts or 
portions which are the same as the parts or the portions 
shown in Hgs. 26 to 34, numeral 2207 designates a 
cylindrical fuel flow controlling member located on a tip 
side of the valve body 2003 In the fuel passage 2006 for 
controlling the fuel flow in the fuel passage 2006, and 
numeral 2212 designates a swirl groove formed on a tip 
of the fuel flow controlling member 2207 for forming a 
swirl flow. 

[0121] According to the present embodiment the 
fuel flow corilroUing member 22Q7 in the fuel passage 
2006 def irred by the injection narzte Errner surface 2004 
and the vah/e bod^ outer surface 2005 is moved along , 
tfiecarts^sdaLofthe Rnjector. T haeto6 ,.thete»flOMn^^ 
in the ftxel passage 2006 is changed. Accordingfy; 1he> 
sfrape of the fuel spray is changed. That is. even if the 
lift amount of the valve body 2003 is not ctenged, the 
fuel flow through the fuel passage 2006 and the cylindri- 
cal nozzle hole 2101 can be changed by moving the fuel 
flow controlling member 2207 along the center axis L of 
the injector, and therefore, the shape of the fuel spray 
can be changed. 

[0122] Further, according to the present embodi- 
ment, the cylindrical fuel flow controlling member 2207 
which is movable independently of the valve body 2003 
is located on the tip side of the valve body 2003 in the 
fuel passage 2006, and at least one swirl groove 2212 
for communicating with the outer periphery and the 
inner periphery of the cylindrical fuel flow controlling 
member 2207 is located a tip of the cylindrical fuel flow 
controlling member 2207. Therefore, the fuel flow in the 
fuel passage 2006 can be changed by moving the cylin- 
drical fuel flow controlling member 2007 having the swirl 
groove 2212 in the fuel passage 2006. Accordingly, the 
shape of the fuel spray can be changed. That is, even if 
the lift amount of the valve body 2003 is not changed, 
the injector can change the fuel flow in the fuel passage 
2006 and the cylindrical nozzle hole 2101 and change 
the shape of the fuel spray by moving the cylindrical fuel 
flow controlling member 2207 which is movable inde- 
pendently of the valve body 2003. Further, since the 
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cylindrical fuel flow controlling member 2207 Is located 
on the ti^ side of the-vaive body 2003 in the fuel pas- 
sage 200&. and the swirl groove 2212 is located at the 
tip of the cylindrical fuel flow controlling member 2207, 
the fuel which flows through the cylindrical nozzle hole 
2101 is more advantageously changed, and therefore, 
the shape of the fuel spray can be changed. 
[0123] Particularly, when the fuel flow controlling 
member 2207 is not lifted, all of the fuel which flows 
from the inside of the fuel flow controlling member 2207 
to outside thereof flows through the swirl groove 2212, 
and therefore/ the fuel which flows through the nozzle 
hole 2101 forms a swirl. Accordingly, the fuel spray 
divergent angle becomes relatively large. On the other 
hand, when the fuel flow controlling member 2207 is 
lifted and a gap is formed between a tip of the fuel flow 
controlling member 2207 and the injection nozzle 2202, 
a part of the fuel which flows from the inside of the fuel 
flow controlling member 2207 to the outside thereof 
flows through the swirl groove 2212, the other part of 
the fuel does not flow through the swirt groove 2212 but 
flows through the gap. Therefore, the swirl which is 
formed by the fuel which flows through the nozzle hole 
2101 becomes weak Accordingly, the fuel spray diver- 
gent angle becom^smaiter than if the fuel flow control- 
ling member 2207 fe not lifted. 
[0124] According to the present embodiment, the 
fue^flow contrQUia9.member 2207 t&inoved such that a 
cross secfibii of Bw fuel imss^s Is deoBased to a 
cross secti on wr hichj s substanliaBy the sane as a cross 
section of the nozzia hate 2101, i.e., the tipdofthe fuel 
flow controlling merrt)ar:2207 is abutted against the 
injection nozzle 2002. Therefore, the fuel injection rate 
can be decreased. For example, even if the fuel injec- 
tion period cannot be decreased, the fuel injection 
amount can be decreased. 

[0125] Although the fuel flow controlling member 
2207 is moved by the second solenoid 2025 in the 
present embodiment, in another embodiment, a fuel 
flow controlling member may be moved by changing a 
fuel supply pressure like as the ennbodiment shown In 
Fig. 31. According to this embodiment, the shape of the 
fuel spray can be changed by moving the fuel flow con- 
trolling member 2207 along the center axis L of the 
injector by a fuel supply means for supplying a fuel to 
the injector, without providing an another nrxjving means 
for moving the fuel flow controlling member 2207. 
[0126] While the above description constitutes the 
preferred embodiment of the present invention, it will be 
appreciated that the invention is susceptible to modifica- 
tion, variation and change without departing from the 
proper scope and fair meaning of the accompanying 
claims. 

[0127] An injector comprises an injection nozzle 1 
having a nozzle hole 3. a valve body 2 for controlling a 
fuel flow through the nozzle hole 3, and changing 
means 6, 7, 10, 11, 12. 13. 20 for changing a shape of 
fuel spray, the fuel spray being formed by the fuel which 



flows through the nozzle hole. The injector includes 
rotation pKBitentrng means for preventing the valve body 
2 from rotating witfr respect to the Injection nozzle 1 
around a center axis of the valve body 2. The injector 
5 includes angular displacement controlling means for 
controlling an angular displacement of the valve body 2 
with respect to the injection nozzle 1 . A shape of a tip of 
the valve body 2 is circumferencially non-uniform. 

10 Claims 

t^.' An injector; comprising: .z ' 

an injection nozzle having a nozzle hole; 
IS a valve body for controlling a fuel flow through 

the nozzle hole; and 

changing means for changing a shape of a fuel 
spray, the fuel spray being formed by the fuel 
which flows through the nozzle hole. 

20 

2. An injector according to claim 1 , further including 
rotation preventing means for preventing the valve 
body from rotating with respect to the injection noz- 
zle around a center axis of the vatve body. 

25 

3. An injector according to claim 2. wherein the rota- 
tion preventing means prevents the valve body from 
rotatingjunth respecttc^ the injection nozzle when 
tie rotefion of thnralve body with respect to the 

30 . V c ir^ectni nozzle should be prevented, and the valve 
bod^f is^aAcMied to rotate with respect to the injec- 
ton nozzle aroisKl the center axis of th»alve txxly 
when the rotation preventing means does not pre- 
vent the valve body from rotating with respect to the 

35 injection nozzle. '% 

4. An injector according to claim 3. further including 
angular displacement controlling means for control- 
ling an angular displacement of the valve body.wiiv 

40 respect to the injection nozzle. 

5. An injector according to claim 4, wherein a shape of 
a tip of the valve body is circumferentially non-urn* 
form. 

45 

6. An injector according to claim 5, wherein the tip of 
the valve body has two surfaces which are parallel 
to the center axis of the valve b>ody and are parallel 
each other, and wherein the nozzle hole Is a slit. 

50 

7. An injector according to claim 5. wherein the tip of 
the valve body is non-uniformly formed with respect 
to the center axis of the valve body 

55 8. An injector according to claim 1 , wherein the center 
axis of the valve body is allowed to be eccentrically 
located with respect to a center axis of the injection 
nozzle, and wherein the injector further comprises 
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eccentricity controlling means for controlling an 
eccentricity of the center axis of the valve body with 
respect to the center axis of the injection nozzle. 

9. An injector according to claim 8, further including a s 
first position in which the center axis of the valve 
body is eccentrically located with respect to the 
center axis of the injection nozzle, a second posi- 
tion in which the center axis of the valve body is 
concentrically located with respect to the center io 
axis of the injection nozzle, and a third position in 
whicb the center axis of the valve body is located on 
the opposite side of the center axis of the injection 
nozzle from the first position. 

75 

10. An injector according to claim 1. wherein the valve 
body includes an inner member with a tip and an 
outer member located outside of the inner member, 
and wherein a relative position of the tip with 
respect to the outer member during the valve open- 20 
ing period is decided on the basis of a target fuel 
spray to be injected, and then the tip is positioned to 
the decided position. 

11. An injector according to daim 1. wherein the valve 25 
body includes an inner member with a tip and an 
outer member located outside of the inner member, 
and wherein ttie changing means includes seledr. 
ing nitictfis'forsetettuiy a protrudirTg anrount of the * ' 
tip with respect to the oxAm ineit>er-dunn9,tti& aa 
vahienpCTBiui^pefkKi. 

t2. An irrjector accordi ng to darm 1 1 , wherein the oula^ 
member is hollow over its full length, arxj the select- 
ing means is located on the opposite side of the 35 
BToer member from the tip and outside of the outff - 

member. 

1 3. An injector according to claim 1 , wherein the chang- 
- ing mesis changes the shape of fuel spray by 40 

changing a shape of the nozzle hole on the basis of 
• a lift amount of the valve body. 

14.. An injector according to claim 1 3, wherein the valve 
body is hollow in order that a fuel to be injected can 45 
flow inside of the hollow valve body, and the valve 
body has a through opening of the valve body in 
order that the fuel which flows inside of the hollow 
valve body can flow out of the hollow valve body, 
and the injection nozzle has a through opening of so 
the injection nozzle in order that the fuel which 
flows through the through opening of the valve body 
can flow out of the injector, and wherein the nozzle 
hole is defined by an overlapping area of the 
through opening of the valve body and the through ss 
opening of the injection nozzle. 

1 5. An injector according to claim 1 , wherein the nozzle 



3Z 

hole is a slit, and the valve body iahaflcw, and the 
. valve body has a first opening placed downstream 
with respect to a fuel seal portion in order that the 
fuel to be injected can flow into the valve body, and 
a second opening placed downstream with respect 
to the first opening in order that the fuel wtK^tkSKs. 
into the valve body can flow out of the vafv& body; 
and wherein an upstream width of the second 
opening is smaller than an downstream width of the 
second opening and smaller than a width of the slit, 
and as a lift amount of the valve body inaeases, an 
OMertappingareaGfth&sfit andth&seoKTd opening 
increases, and after a valve opening motion is com- - 
pleted. a minimum cross section of a fuel passage 
is defined by the first opening and is kept constant. 

16. An injector according to claim 15, wherein the width 
of the second opening becomes gradually smaller 
as a position in which the width of the second open- 
ing is measured shifts from downstream to 
upstream. 

17. An injector according to claim 15, wherein an inter- 
section point of an extension line from a surface of 
a left side wall of the second opening and an exten- 
sion line from a surface of a right side wall of the 
second opening is located on the opposite side of a 
center tine of the valve body from the second open- 
ing; on the cross se ctioiiaf view of the second open- 

tSL Aniriectoracoordtngto dimr\ 1, wherein a fuef pas- 
sage is def i ned by an irmer periphery of the injec- 

i tion nozzle and an outer periphery of the valve 
body, arxJ a fuel flow controlling nrcntoer is located 
in theftiel passage, and wherein the fuel flow con- 
trolling member is moved along a center axis of the 
injector in order that the fuel flow can be changed in 
the fuel passage. 

19. An injector according to claim 18, wherein the fuel 
flow controlling member is moved such that a cross 
sectional area of the fuel passage is decreased to a 
cross sectional area of the nozzle hole in order to 
decrease a rate of fuel injection. 

20. An injector according to claim 18, wherein fuel sup- 
ply pressure with respect to the injector is changed 
in order to move the fuel flow controlling member 
along the center axis of the injector. 

21. An injector according to claim 18, wherein a tip of 
the fuel flow controlling member is comprised of a 
seal portion and a notch portion, and a shape of the 
tip of the fuel flow controlling member is asymmet- 
ric. 

22. An injector according to claim 1 , wherein a fuel pas- 
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sage is defined by an inner periphery of the injec- 
tion nozzle and an outer periphery of the valve 
body, and a cylindrical member is located on a tip 
side of the valve body in the fuel passage, and 
wherein the cylindrical member is movable inde- 5 
pendently of the vatve body, and at least one com- 
municating portion for communicating with an outer 
periphery and an inner periphery of the cylindrical 
menrtber is located at a tip portion of the cylindrical 
member, and the cylindrical member is moved in 70 
the same direction as a moving direction of Jhe. ^ 
vatve- body irr Oder to change the fuel fknv tnlba- t t 
fuel passage. 
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